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Inflammatory processes usually, if  not  always,  are  the  result  of 
reaction  to  chemical  substances.  Some  substances  cause  severe 
reactions when in  very low  concentrations,  while  others,  even in 
high  concentrations,  cause  little  or  no  inflammation.  As  far  as 
we can learn, no systematic study has ever been made to determine 
what  chemical, physical,  or  physiochemical properties a  substance 
must have in order that it may incite inflammation, or that it may 
be  unable  to incite inflammation.  Can  definite laws  be  discerned 
governing the capacity of chemical substances to stimulate inflamma- 
tory reactions?  Is it possible to predict from the chemical or phys- 
ical  properties  of  a  substance its capacity for inflammatory stimu- 
lation?  Such information, if it can be obtained, should be of great 
value in chemotherapeutic  work, since it might be applied to reducing 
the inflammatory reaction produced by drugs that must be injected 
into the tissues, and hence this study was undertaken at the suggestion 
of Dr. H.  Gideon Wells as part of the program of chemotherapelatic 
investigation  that  is  being  conducted in  the  Otho  S.  A.  Sprague 
Memorial Institute. 
In studying this problem it is  necessary to  consider the  several 
components  of inflammatory  reaction;  namely,  vascular  changes, 
migration of cells and fluids, cell injury, and cell proliferation.  In 
this paper will be considered only one phase of the work, the influence 
of chemicals upon the chemotaxis of leucocytes in  vitro,  a  subject 
which  has  already  received not  a  little  investigation. 
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Most of the literature on this subject has been fully reviewed by Wells, 1 who 
has discussed the subject from the earliest studies of Engelmann who worked 
with protozoa in 1881, up to the time of Jacques Loeb, who worked with chemical 
tropisms.  This may be briefly summarized in  the following lists of the  sub- 
stances  supposedly positive,  negative,  and  neutral  as  chemotactic  agents for 
leucocytes. 
Various authors  have stated  that  the  strongly positively chemotactic sub- 
stances are:  sterilized and living cultures of bacteria, whether pathogenic or non- 
pathogenic;  papayotin  or papain (in  rabbits)  (Gabritchevsky2); carbolglycerol 
extracts of different viscera and tissues; egg albumin, gelatin, peptone, and alkali 
albuminate; metallic copper, iron, mercury, and their salts;  s ~t~d substances sol- 
uble in lipoids in extreme dilution (Hamburger4). 
Among the supposedly nega~vely chemotadtic substances the following have 
been mentioned by various authors: concentrated solutions of sodium and potas- 
sium salts; lactic acid in all concentrations; quinine (0.5 per cent); alcohol (10 
per cent); chloroform, in watery solution; jequirity (2 per cent, passed through a 
Chamberland filter);  glycerol  (10  to  1 per  cent);  bile;  B.  cholera~ gallinarur, t 
(Gabritchevsky);  mercury  perchloride,  cholester61,  arsenic,  antipyrine, acetic 
acid; concentrated solutions of calcium, sodium, and potassium salts; alcohol in 
over 10 per cent concentration, chloroform, bile, glycerol in concentrations of 1 
to 10 per cent; and atophan, or phenylcinchonic acid. 
Among the neutral or indifferent agents have been mentioned water; calcium 
and sodium salts in concentrations of 0.1 to 1 per cent; phenol; phlorhizin; papay- 
otin (in frogs); glycogen; peptone; blood; hemoglobin; uric acid up to 2 per cent; 
and boffillon. 
These  are  only  tentative  statements,  for many contradictory  results  have 
been obtained, and it is almost impossible to avoid some experimental errors. 
The most important of the later work has been done by Hamburger, and his 
coworker's~ on phagocytosis.  This bears a close relation to chemotaxis and must 
bc considered at  the  same time as chemotaxis.  Hamburge# has  shown that 
"calcium per se," as a  substance causes a  great rise in phagocytosis; it seems 
to be the only substance acting  in  this  way,  apparently  aiding  chemotaxis. 
He has  investigated  this  problem  from  two  view-points,  in  ~o  and in ~tro 
work  both  being  done.  In the in ,itro  work,  horse leucocytes from  citrated 
serum  were transferred  to  different  media  and  carbon  particles acMed.  The 
t Wells, H. G., Chemical pathology, Philadelphia, 4th edition,  1920,  Chapter 
XI. 
Gabritchevsky, G., Ann. Inst. Pasteur,  1890, iv, 346. 
3 Bloch, G., Centr.  allg. Path. u. path. Anat.,  1896, vii, 785. 
* Hamburger, H. J., Physikalisch-chemlsche Untersuchungen fiber Phagozy.  ten. 
Ihre Bedeutung yon allgemein biologischem und pathologisehem Gesichtspunkt, 
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percentage of these particles taken up by the leucocytes was used as a measure 
of the degree of phagocytosis.  The in vivo work was done by injecting calcium- 
free  and  calcium-containing cultures  of bacteria  (B.  co//) under  the skin in 
capillary tubes, and then comparing the size of the resulting leucocyte columns 
in the calcium-free and calcium-containing  cultures.  Besides  the work on cal- 
cium, Hamburger  has  tested  many  organic and inorganic compounds.  He 
found that, under  the conditions of his experiments, hemoglobin had no bad 
effects on phagocytic activity  no matter what concentrations were employed. 
Collargol and other  colloidal silver compounds had no effect up  to  0.02 per 
cent, but above that concentration these  compounds  were injurious and the in- 
jury increased in proportion to the concentration.  Quinine  was injurious  to 
leucocytes, seeming to act upon the cells themselves.  Of the halogens,  iodine 
is more poisonous than bromine; fluorine is a strong poison; iodoform increases 
phagocytosis; mercury, strontium, and barium are indifferent.  All fat solvents 
in small amounts increase  phagocytosis;  those used were chloroform,  ether, chloral, 
benzene, camphor, some fatty acids, and turpentine.  Citrate and sulfite ions 
act as a poison, preventing any phagocytosis.  Oxygen  acts like apnea, preventing 
phagocytosis; carbon dioxide increases phagocytosis.  Potassium cyanic~e has 
about the same action as carbon dioxide, an increase followed  by a decided de- 
crease in phagocytic activities, and then death of the cells. 
Method. 
In my work, Wright's method  has  been  employed?  Equal  vol- 
umes of  blood must  be  disposed  over  equal  areas  of surface, and 
come into contact with equal concentrations of the desired reagent 
throughout.  This may be  done in  the  following ways:  The first 
method is to paint hot paraffin containing the desired reagent upon 
glass  slides  until  1  mm.  thick,  then punch  circles  in  the  plastic 
paraffin with a sharp  cork-borer, and prize  out  the  discs and  clean 
the glass  floor  with  xylol.  The  second  and  preferable  method is 
to use  agar in  the place  of paraffin.  Here  different concentrations 
of the drugs desired are mixed with 2 per cent salt-free water solution 
of agar, then cast into tablets 1 mm.  thick, in molds constructed of 
a pair of glass slides held apart at the ends by pieces of slides 1 ram. 
thick.  The slide which forms  the lid  of the mold is pushed aside, 
while the agar is poured in,  then brought into position.  When this 
melted agar has set the lateral supports and the lid are removed and 
circles are cut in the agar with a sharp cork-borer, the discs removed, 
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and  the  cells thus obtained placed upon slabs  of  2  per  cent  salt-free 
water solution of agar, or upon slabs containing  the same concentra- 
tion of the reagent as contained in the cell.  In this way, a window is 
formed, with the floor and sides of agar containing the desired concen- 
tration  of  the  reagent.  Two different forms  are used.  In one,  the 
floor  consists  of  2 per  cent salt-free water solution of agar, the sides 
of the 2 per cent solution of agar containing  the desired reagent.  In 
the other,  the floor and sides of the cell contain the same concentra- 
tions of the  substances to be tested.  These different  cells are  then 
placed upon a  glass slide so that  each  slide  contains  from  eight  to 
twelve cells,  each  one of which has  a  different  concentration  of the 
reagent.  On  each  slide  there  is  a  control  Cell, the  floor  and  sides 
being made of the 2 per cent salt-free water solution of agar. 
The  slides containing  the agar  slabs were kept in moist chambers 
made  of Petri  dishes whose bottom and  sides were lined with moist 
cotton, so that no water would be lost by evaporation from  the agar, 
thus  changing  the  concentrations.  The  Petri  dishes  were  kept  in 
warm water,  the slides thus being heated  to 37°C.  and kept at this 
heat  sothat  the  temperature  would  be  the  same  in  each  window 
when the blood was run in and  all the  time  after  pouring.  Equal 
amounts of blood were then run into the cells thus made.  A capillary 
pipette was filled with blood as soon as the vein was cut, and 2 drops 
of this  uncoagulated  blood were allowed  to drop  into  each  window 
immediately so that  there would be no chance of clotting.  All the 
windows were filled at one time so that there would be no differences 
in  the blood itself to be taken into  consideration.  The  dishes con- 
taining  the blood-filled windows on the slabs of agar were put in the 
incubator and kept at 37°C.  for 45  minutes.  After incubation,  the 
clots Of blood were washed  off with  warm  sodium chloride solution, 
0.9 per  cent sodium  chloride in distilled water, kept at 37 ° .  If the 
clots were extremely adherent  to the sides,  the edges were loosened 
by touching them gently with a probe, or lifted out with fine forceps. 
A  solution of saturated mercuric chloride  could then be poured into 
the windows to fix the leucocytes if  desired.  The  number  of  leu- 
cocytes adhering  to the sides and  the floor were then  counted under 
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In this work repeated duplicate tests were made with the blood 
of the same animal.  The number of cells migrating into  the  agar 
was  always  the  same within the limits  of  experimental  error,  the 
difference never being more than 25 to 50 cells out of a total of 2,000 
to 2,500.  The same percentage of the total number of cells always 
adhered to the control slide; i.e., about 4 per cent.  The exact number 
varied with the degree of leucocytosis but the relative number was 
always approximately the same. 
From 0.0001  to  10 per cent molecular  concentrations of  the  dif- 
ferent salts were employed, so  that  the range of chemotaxis  might 
be studied in relation to the per cent of the salt itself, as well as  the 
positive and negative ions composing the salt, as, for example, NaC1 
as a salt and Na as an ion as compared with Na in Na2CO3, or Na~S40, 
and C1 as anionas compared with C1 in KC1 or CaCI,, etc.  In some 
cases a  high  concentration showed a  marked negative  chemotaxis, 
while a low concentration showed a positive one.  Whenever possible, 
neutral or nearly neutral substances were used, so that the reaction 
would not interfere with the chemotaxis.  If, however, the chemical 
had an acid or alkaline reaction strong enough to give irregular and 
peculiar  results,  sodium  phosphate  as  the  tri-,  di-,  or  monobasic 
salt  was  added in  just  sufficient concentrations to  give  a  neutral 
reaction  with  phenolsulfonephthalein  (pH=7.7),  and  the  results 
were then compared with that of the original chemical alone. 
For each substance used, at least four different tests were made 
with human blood, five with  rabbit  blood,  and  two  or  three, when 
possible,  with guinea pig and dog blood,  so  that  the  mean  of  the 
several bloods of each species might be used as the final count, pro- 
viding  there  was  little  individual  variation.  Since  the  degree  of 
leucopenia or leucocytosis made a great difference in the exact number 
of leucocytes adhering, though not the relative number, as a  routine 
matter white cell counts were made on the blood of all animals every 
week, since it was found that in  health there is little  variation in 
that length of time.  It was found that human blood varied markedly 
before and after eating, so certain times after eating were chosen for 
drawing blood when possible, usually 2½ to 3  hours after a  meal. 
An  interesting  observation  is  that  immediately  after  eating, 
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agar  than  at  other  times.  This  holds  good for all  the species tried. 
This has been noted for leucocytes on glass slides by several investi- 
gators.  Cohnheim,  among others, mentions the difference in behavior 
of leucocytes at  different  times  of the  day,  but  the reasons  for this 
have never been shown. 
The experimental animals  were kept from food for about 3 hours be- 
fore use.  When possible  the same animals were used with the differ- 
ent drugs.  It was found that with a 2 per cent solution of salt-free agar 
about 4  per  cent  of the leucocytes would  always adhere to the agar. 
This was constant  with the blood of all the animals  employed. 
The  following  chemicals  were  used: 
1.  Calcium salts, as the chloride,  carbonate, tartrate,  citrate, lactate, sulfate, 
cyanide, and cinnamate. 
2.  Sodium  salts,  as  the  chloride,  carbonate,  tartrate,  citrate,  lactate,  sul- 
fate, einnamate, and tri-, di-, and monobasic phosphates. 
3.  Potassium chloride,  acid carbonate, and acid phosphate. 
4.  Barium sulfate and sulfide. 
5.  Strontium chloride. 
6.  Magnesium  sulfate,  tartrate,  citrate,  and  these  compounds  mixed  with 
strontium salts. 
7. Mercury chloride,  nitrate, subsalicylate, and iodate. 
8.  Organic acids, as oleic, lactic, uric, anlt nuclehfic. 
9. Amin0-acids  and amines,  as tyrosine, histidine,  glycine, alanine,  glutamic 
acid, aminovalerianic  acid,  tyramine, and histamine. 
10. Alkaloids,  as morphine and morphine sulfate, hydrochloride, nitrate, and 
citrate; codeine and codeine hydrochloride; heroine and heroine hydrochloride; 
caffeine sulfate, quinine sulfate, strychnine sulfate, and brucine sulfate. 
11. Miscellaneous substances, as papayotin, or papain, urea, urethane, creati- 
nine, ethyl alcohol, chloral hydrate, cantharidinum, aspirin (acetyl-salicylic acid), 
chloretone, glucose,  "mustard  gas"  (dichloroethyl sulfide)  "parazol"  (dinitro° 
dichlorobenzene),  olive oil, scarlet R  (purified),  turpentine,  veronal (diethylmal- 
onylurea), yeast vitamine (Harris), acetanilide, and ether. 
EXPERIMENTAL. 
Calcium Salts. 
All calcium  salts were positively chemotactic for leucocytes except 
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tration,  but  all  other concentrations were negatively chemotactic, 
the  citrate  ion  overpowering the  calcium ion. 
Calcium chloride showed a marked increase in the number of cells 
adhering to the agar with which it was combined, as compared with 
the  control.  When  there  was  more  than  2  per  cent  molecular 
concentration, there was a precipitate through which the light could 
not penetrate, so that the cells could not be counted when the floor 
was composed of agar containing the same concentration of the salt 
as the margins. 
An illustrative series of experiments with calcium chloride is given 
in detail below.  The figures in the top row are the percentage of 
calcium chloride contained in  the water agar solution of each cell, 
and  this  represents the molar or gram-molecular concentration of 
calcium in calcium chloride.  Thus in the case of a 5 per cent solution 
2.75 gin. of calcium chloride would be used with 20 cc. of a 2 per cent 
solution of water agar, so that there would~e 1 gm. of calcium present 
in 20 cc. of the agar solution.  An exact  count was made of the number 
of ceils migrating into the agar and adhering, after the clot had been 
removed and the window and floor of the cell washed with normal 
salt solution, and this is recorded  in each of the remaining rows.  Each 
row gives results obtained with a  separate sample of blood.  The 
lowest row of figures in each group is the mean of the other figures 
in that column. 
In the second group of figures,  from observations with the floor 
as well as the margins of the cell formed of agar plus the different 
concentrations of calcium chloride, it will be seen that many  more cells 
adhere in concentrations of 0.5 to 2 per cent than when only the mar- 
gins of the cell contained calcium chloride.  When frozen sections were 
made of these different agar plates it was found, after examination 
of the serial sections, that the leucocytes migrated into the agar to 
the depth of 0.68  to 0.84  ram. when calcium chloride was combined 
with the agar, while the migration into the plain agar occurred only 
to the depth of 0.22 to 0.47  ram. when the margins contained the 
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Calciam  Chloride Combined with Agar.  Floor of 2 Per Cent Plain Agar. 
Blood. 
Human 
• 
•  ~ 
2,108 3,149 2,50~ 3,097 3,146 3,564 4,0361 t,587 4,562 3,736 2,836 2,564 
1,872 2,569 3,095 2,764 3,593 ~,095 4,539 3,842 4,594 3,874 2,893 2,482 
1,869 2,546 3,14~ 3,056 3,582 ¢,082 3,584 3,792 4,327 2,746 2,683 2,538 
2,304 2,492 3,345 3,543 4,726 5,238 5,09~ 5,070 4,956 ~,086  3,082 2,775 
2,495 3,178 3,487]3,642 4,946 5,654 5,187 5,136 5,032 ~,301 3,1492,867 
1,65713,482 3,54215,035 5,692 5,237 5,109 5,192 5,017 4,785 3,376 2,850 
Average 2,051 2,901 3,187 3,523 4,26~ 4,645 4,591 4,603 4,746 3,921 3,003 2,696 
2,573 1,89~ 
2,531 1,93~ 
2,443 2,18( 
2,132 2,03~ 
2,845 2,64~ 
2,742 2,54" 
2,546 2,20.  c 
Floor of 2 _Per Cent Agar Plus Calcium  Chloride.  Human Blood. 
Average 
.J 
8,324 
5,876 
5,769 
5,678 
5,697 
6,107 
. 
7,891 8,513 7,549 4,079 5,538 3,175 2,486 
5,683 5,962 5,872 3,762 4,163 2,104 1,973 
5,468 5,870 5,637 3,652 4,075 2,34£ 2,074 
5,469 5,085 5,364 3,869 4,197 2,834 1,985 
5,683 6,197 5,639 3,749 4,329 2,096 2,438 
5,789 5,985 6,097 3,578 4,097 2,189 2,357 
5,997 6,452 6,115 3,761 4,396 2,457 2,235 
2,56~ [3,125 3,146 
2,015 2,047 1,985 
2,016 2,168 2,042 
2,175[ 2,068 2,164 
1,986 2,157 2,352 
2,439 2,146 2,458 
2,20~ 2,260 2,356 
Calcium tartrate  was  slightly positively  chemotactic,  there being 
an increase  of 25  per  cent in  the number  of cells adhering  at 0.25 
per  cent  molecular  concentration,  as  compared  with  the  control. 
Calcium  lactate  was  slightly  positively  chemotactic  despite  the 
negative  influence  of  the  lactate  ion,  there  being  an  increase  of 
30  per cent over the control atO.1  to 0.05  per cent molecular con- 
centration. 
Calcium cyanide was slightly positively chemotactic when the floor 
of  the  cell  consisted  of plain  water  solution  of  agar  and  the  sides 
of the window consisted of  2  per  cent  water  solution  of  agar plus 
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cell  were  made  of  the  agar  containing  the  cyanide,  there  was 
a  slightly  negative  chemotaxis.  This  may  possibly  be  explained 
on the basis  that  calcium cyanide, except in minute quantities, is 
highly toxic, and only in these small quantities does the chemotactic 
influence of the calcium overcome the cyanide poisoning.  It has been 
because of these variations in action that the plain slab and the salt- 
containing slab have been used in every case.  This will be referred 
to  later.  The  average  figures obtained  in  five  experiments  with 
calcium cyanide and human blood are given below: 
Calcium Cyanide. 
1 
per cent. 
3,614 
0.5  0.I  0.05  0.01  0.005  0.001 
per cent.  per cent.  per cent.  per cent.  per cent.  per cent. 
3,548  4,018  3,564  3,532  3,147  2,591 
--  2,018  2,136  547  536  241 
0.0005  Control.  per cent. 
1,403  2,017 
218  2,106 
In all the following tables, the first row of figures will be the average 
of five experiments for those cells in which the floor of the cell con- 
sisted of salt-free water solution of agar, the lower rows of figures will 
be for those cells in which both the floor and walls were  composed 
of agar containing the tested reagents.  Because of space restriction 
only a very small proportion of the actual results are published, for 
the purpose of illustrating the procedure. 
Calcium carbonate, calcium sulfate, and calcium cinnamate were 
all somewhat positively chemotactic and varied very little from each 
other.  The greatest number of leucocytes adhering was when the 
molecular concentration was 0.25 per cent,  there being an increase 
of 50 per cent over the control. 
Calcium citrate was negatively chemotactic in all concentrations 
over or below  1 per cent,  as mentioned previously.  A  typical set 
of  average  figures  for  human  blood  with  calcium citrate  follows: 
Calcium Citra~. 
4  1  o5  025  01  oo5  [  0.01  I 
per cent.  per cent.  per cent.  per cent.  per cent. I per cent.  per cent.  per cent.  Con~ol. 
1,507  2,464[  3,092  1  2,5731  2,7981  1,549L  1,485  1  1,502  I  3,017 
1,673  I  2,793[  3,052  I  2,489  I  2,538  I  1,537]  1,426]  1,507  I  3,164 384  EXPERIMENTAL STUDIES ON INFLAMMATION.  I 
Sodium  Salts. 
The sodium salts had no constant action that depends on the sodium 
ion per se.  Sodium chloride was positively chemotactic at 1,0.8, and 
0.75  per cent molecular concentrations, nearly twice as many leuco- 
cytes adhering as  in  the control slides  with  the blood of the same 
animal.  In more than 5 per cent molecular concentration there was a 
negative chemotaxis, only two-thirds to one-half as many cells adhering 
as in the control slides.  These figures applied to all blood, human, 
rabbit,  dog, and guinea pig.  A  typical  set of figures  obtained ina 
series of experiments with sodium chloride is shown below: 
Sodium Chloride. 
7.s  [  5  I  4  3  2  J.  0.8  o..s  0.2s  o.t  CoI~t~l.  oorcot_   ,coot__  x ,oo.t-- 
1,042[ 1,965[ 2,386[ 2,576[ 3,09114,02713,95712,53812,27312,01511,869 
1,036[ 1,538[ 2,069[ 2,537[ 3,096 I 4,586 [ 4,097 [ 2,437 [ 2,097 [ 2,175 [ 2,013 
Sodium  sulfate  was  neutral in  regard  to  chemotaxis in  all  con- 
centrations below 4 per cent molecular concentration for all animals. 
Above  this  concentration, it  was  negatively chemotactic'.  Sodium 
carbonate was  neutral in  almost all  concentrations,  although with 
from 0.8  to  1.2  per cent molecular concentration there was a slight 
positive  chemotaxis.  Sodium  tartrate  was  neutral  for  almost  all 
concentrations.  Sodium  citrate  was neutral in  all  concentrations 
below 0.1  per  cent;  above  this  it  was  negatively chemotactic for 
human blood; for rabbit blood there was a  slight degree of negative 
chemotaxis for molecular concentrations above 0.5 per cent. 
Sodium Citrate. 
4  ]  2  I  l  10.5tO.l  0.05  ]  0.01  Control.  per cent.  per cent.  per cent.  per cent.  per cent.  per cent.  per cent. 
Human blood. 
1,57911,46811,45211,79212,247  2,296  I  2,158  2,375 
1,538  1,396  1,425  1,658  2,153  2,153  2,096  2,436 
Rabbit blood. 
2,548  2,459  [  2,197  2,987 I  3,084  3,178  ]  3,097  2,976 
2,356  2,351  2,146  2,857  2,967  3,089  3,096  2,963 ELIZABETH  PAULINE  WOLF  385 
Sodium lactate was negatively chemotactic in all  concentrations 
for human blood, but with rabbit blood there was no negative chemo- 
taxis, and with the blood of three of the five animals, there was an 
increase of about 25 per cent in the number of leucocytes adhering 
at 0.05 to 0.1  per cent  molecular  concentration. 
Sodium cinnamate was somewhat positively chemotactic in molec- 
ular  concentrations of  2 per cent and  over.  In  lower  concentra- 
tions it was neutral.  This  held true for  the blood  of man, rabbits, 
and dogs. 
Sodium phosphate was positively chemotactic in varying degrees 
as  the tri-,  di-,  and  monobasic  salt. 
In  the work on sodium phosphate, advantage was  taken of  the 
fact that pneumonia patients who had received large doses of sodium 
phosphate either by mouth or  intravenously showed  an  increased 
number  of  leucocytes migrating into  the  agar  containing sodium 
phosphate or calcium chloride.  A normal person was used as con- 
trol and the blood tested at intervals after the same doses of sodium 
phosphate.  It was found that,  alike in pneumonia and in health, 
many more cells migrated into agar containing Na2HPO4 or CaCIt 
than in the case of those people who had not received the sodium 
phosphate medication.  A typical set of figures is  shown below for 
the blood of patients who had received  large doses of sodium phosphate, 
when tested with Na~HPO4 agar. 
Nag. HP04. 
4  2[  1  [  0.5  [ 0.25 l  0.I  [ 0.05 [  0.01  1 Control"  per  cent. per  cent. per  cent. per  cent. per  cent. per  cent. per  cent.  per  cent, 
Pneumonia  blood, 
6,182  7,023 I  7,147110,862 I  7,046  7,136[ 7,563  7,014 I  5,409  11,427  15,356 1.5,876 18,973 14,899 14,992  7,642  7,924  5,311 
Normal  human  blood. 
4,847  4,9391 4,8831 4,4391 4,8721 4,9761 4,895[ 3,869 I 2,197  6,436  6,854  6,973  9,037  6,853  6,693  3,246  3,386  2,201 
The blood of all animals showed a  positive chemotaxis with  Nas 
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over 2 per cent there was a slight negative chemotaxis, probably due 
to the alkaline reaction. 
With  both  NaH2PO4  and  NaJ-IPO4 marked  positive  chemotaxis 
was produced, as shown by  the two following tables: 
Natt~P04 witk Normal Human Blood. 
4  2  1  0.8  0.5  0.25  0.1  0,05 
~rcent.  ~rcent.  percent,  percent,  percent.  ~rcent.  percent,  percent. 
4,387  4,097  4,028  4,538  4,538  3,327  3o107  2,145 
4,038  6,359  6,109  7,537  7,634  6,094  6,024  2,214 
Control. 
2,047 
2,046 
Na~ttP04 with Normal Human Blood. 
4  2  1  0.5  0.25  O.1 
~rcent.  ~rcent.  ~rcent.  percent.  ~rcent.  ~rcent. 
10,847  5,432  7,096  7,756  4,483  3,224 
9,856  8,951  9,943  8,926  6,453  4,954 
0.05  Control. 
per cent. 
2,875  2,846 
4,493  2,893 
When to calcium chloride NaH~PO, was added, there was a marked 
increase in  the number of cells  adhering.  There  seemed to  be  a 
synergistic action between sodium phosphate and calcium chloride, 
the increase in thenumber of cells beinggreater than could be accounted 
for by the addition of the cells adhering with either of the two chemi- 
cals alone. 
CaCl2 Plus Natt2P04. 
4  ]2  tl  [  0.s  t  0.t  [  o.05  [ 
10,752  /  11,765  I  10,967  9,870 I  10,236  I  9,846  l 
13,257  [  14;735  I  11,364  12,453  [  13,247  [  9,364 
0.01  Control.  per cent. 
3,245  2,346 
6,325  2,433 
Potassium  Salts. 
All potassium salts  were negatively chemotactic for all blood of 
all animals employed when concentrations over 0.01 per cent (molec- 
ular concentration) were used.  This held true for potassium chloride, 
potassium  acid  carbonate,  and  potassium  acid  phosphate.  In 
molecular concentration below  0.01  per  cent  there  was  a  neutral 
response with all blood, human, rabbit, dog, and guinea pig. ELIZABETH  PAULINE  WOLF  387 
Barium  Salts. 
Barium sulfide was  slightly negatively chemotactic in molecular 
concentration  over  0.05  per  cent.  Barium  sulfate  was  slightly 
positively chemotactic. 
Strontium  Chloride. 
Strontium chloride was slightly positively chemotactic, but stron- 
tium chloride with equal molecular concentrations of magnesium sul- 
fate gave a  great increase in the number of cells adhering to the agar. 
Here again the action seemed synergistic, since neither alone gave 
marked reaction,  and  many more  cells  adhered  to  the  agar  than 
could be accounted for by mere addition of the cells emerging when 
both salts were used. 
Magnesium  Salts. 
Magnesium salts acted in the same way as sodium salts in regard 
to  chemotaxis, this seeming to  depend largely on the negative ion 
attached  to  the  magnesium.  Magnesium  sulfate  was  neutral  as 
regards chemotaxis in all concentrations for all blood.  Magnesium 
tartrate was slightly negatively chemotactic in concentrations over 
1 per cent, but neutral  in all concentrations below this for all blood 
used.  Magnesium citrate  was  slightly negatively chemotactic for 
all blood but more so for rabbit than for human blood. 
Mercury  Salts. 
All mercury salts behaved about the same in regard to chemotaxis. 
They seemed to  fix  the  blood before  the  cells  could migrate into 
the agar,  so  that only a  few could be  counted.  The clot formed 
was hard and brittle.  This apparent negative chemotaxis of mercury 
salts is really a fixation of proteins and not a chemotaxis of any kind. 
For these reasons, the action of these compounds must be studied in 
some other way to determine the degree of chemotaxis they possess. 
Organic  Acids. 
Oleic acid was positively chemotactic.  This substance was used 
with  the paraffin method so  that  the  acid  would dissolve quickly 388  EXPERIMENTAL  STUDIES  ON  INFLAMMATION.  I 
throughout.  Since, however, only the sides of the cell thus  formed 
contained  the reagent, this was unsatisfactory.  For this  reason,  an 
emulsion  of  oleic  acid  with  agar  was  made  and  then  cooled  and 
hardened rapidly over ice so that  the  floor and sides of the cell thus 
formed would contain the same concentration of the reagent.  There 
was an increase  of  100  per  cent in  the  number  of  cells  adhering 
at 0.5 per cent concentration over the control; in concentrations over 
1 per  cent  there was no chemotactic  effect, about the same number 
of  cells  adhering  as  in  the  control.  The  sodium  salt  of  this  acid 
showed  only  a  very slight increase in  the number of cells adhering 
at  0.1  per  cent  molecular  concentration;  above  this  there  was  a 
slightly  negative  chemotaxis. 
Lactic acid was negatively chemotactic.  This may have been due 
in part to the  hydrogen  ion concentration,  but the sodium salt was 
also negatively chemotactic although not so markedly so as the pure 
acid.  There were only half as many cells adhering  with lactic acid 
in concentrations above 0.05 per cent as there were in the control. 
Uric  acid  was  slightly  negatively  chemotactic  in  molecular  con- 
centrations  above 0.5  per  cent;  below this  concentration  it  had  no 
effect. 
Nucleinic  acid  made  from  yeast  was  positively  chemotactic  in 
molecular concentrations of 0.0005 to 0.00001 per cent or percentage 
concentrations of 0.0065 to 0.00013; when the acidity was overcome by 
by the addition of a slight amount of sodium hydroxide  (hydrogen ion 
concentration pH = 7.7), there was an increase in the number of cells 
adhering.  With  the  free acid  there were two-thirds  more  cells ad- 
hering  at  0.0025  per  cent molecular  concentration  (0.0325  per  cent 
by weight)  than in  the control.  With  the  addition  of  the  sodium 
hydroxide  there  were twice as many cells adhering as in the control. 
Amino-Acids  and Amines. 
Glycine and  alanine  were slightly positively chemotactic,  alanine 
being somewhat more so than glycine.  At 4 per cent concentration 
there were about three times as many cells adhering as in the control 
when  glycine was used,  while  with  alanine  there  were  about  three 
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Tyrosine  was  somewhat  positively  chemotactic.  There  were 
about three times as many cells adhering with molecular concentrations 
of 0.0001  to  0.001  per  cent as  in  the control.  Tyramine, made 
synthetically,  e  acted most peculiarly.  The ceils clumped  in such a way 
that it was impossible to count or even to estimate the number mi- 
grating into the agar with any degree of exactitude.  This was re- 
peated many times, the same thing occurring each time.  No reason 
could be found for this action of tyramine.  It suggested the appear- 
ance of a  calcium cyanide clot, but differed in that the ceils were 
much more firmly adherent to each other with tyramine than with 
calcium cyanide. 
Histamine  7 was strongly positively chemotactic in molecular con- 
centrations of over 0.000025 per cent (0.000055 per cent by weight), 
but the leucocytes of dog and human blood showed a greater degree 
of migration into the agar containing histamine than did the leucocytes 
of rabbit blood.  One set of illustrative figures will be given for human, 
one for dog, and one for rabbit blood. 
Histamine. 
0.005  I 0-00025 I  O.O00t I 0.00005 10.0000251 0-000011 0-0000051 0.0000025 I Control"  per cent.  per cent.  per cent.  per cent.  per  cent.  per cent.  per cent.  per cenU 
Human blood. 
7,0211  6,538t 5,028] 2,5371  3,159 I  1,138  1,274  I  1,485  I  1,407 
7,183  6,983  9,894  1,093  4,963  2,915  1,019  1,857  1,396 
Dog blood. 
5,379 I  5,027 I  2,473 I  1,532 I  2,036 I  1,463  3,527 I  4,037  3,016 
7,037  7,239  7,635  6,528  6,017  3,012  5,172  5,187  3,423 
Rabbit blood. 
--  4,321  3,294  993  3,653  1,946  1,956  1,845  1,243 
Histidine from the same source showed a slight positive chemotaxis 
for all blood, human, dog, and rabbit.  There was an increase of about 
6  The tyramine was made by Dr. Koessler  and Dr. Hanke. 
This was also obtained from Dr. Koessler  and Dr. Hanke. 390  EXPERIMENTAL STUDIES ON INFLAMMATION.  I 
25 per cent in the number of cells adhering at 0.005  per cent over the 
number adhering in  the control window. 
Glutamic acid was slightly positively chemotacfic in concentrations 
of 0.0005  to 0.00001  per cent; when the acidity was overcome by the 
addition of a  slight amount of sodium hydroxide, the solution being 
neutral to phenolphthalein (pH= 7.7),  there was an increase in  the 
number of cells adhering.  When the free acid was used there was 
an increase of 100 per cent in the number of cells adhering with con- 
centrations of 0.005  to 0.00001  per cent, while with the addition of 
sodium hydroxide the increase was  200  per  cent over  the  control. 
Aminovalerianic acid was positively chemotactic in all concentra- 
tions to about the same extent as glutamic acid.  With the addition 
of sodium hydroxide there was also an increase in  the  number of 
cells adhering.  A  typical series for aminovalerianic acid and human 
blood is: 
AmSnovalerianic Acid. 
0.05  0.01  o.oo5]o.oo1  o.ooos  0.000110.0oo0310.00001  o.ooooos Control. 
per cent.  per cent.  percent.[ per cent.  per cent.  per cent.  per cent.  per cent.  per cent. 
3,537  4,091 [ 4,486[ 3,147 I 2,159 I 2,038  1,537 [  2,046  '  3,034 [  1,986 
6,283  ~  2,037  ]5,897[  5,546[ 4,138[  5,589 I 3,143 [3,107  3,186[  3,037[ 
Aminovalerianic acid with NaOH added to neutrality. 
4,031 14,89914,99813,88713,92613,96714,037  ]  3,448[  3,963 t  2,015 
9,837  9,853  9,475  6,015  4,084  3,996  3,026  4,035  5,8632,104 
A lkaloids. 
Morphine was slightly positively chemotacfic for human and dog 
blood in most concentration for all morphine compounds used except 
the citrate.  This is contrary to most of the work that has been done 
with morphine and its compounds, but after many repetitions the same 
result was obtained.  There is much less increased migration of leuco- 
cytes with rabbit than with human blood.  Morphine sulfate showed 
a slight but constant positive  chemotaxis for human and dog blood 
in  concentrations of 0.3 to 2 per cent, for rabbit blood in concentra- 
tions of 3 per cent.  Morphine, morphine hydrochloride and nitrate, ELIZABETH PAULINE  WOLF  391 
all showed the same degree  of  chemotaxis.  Morphine citrate  was 
practically neutral in concentrations below 0.05 per cent, but above 
that it was negatively chemotactlc. 
Morphine ltydrochloride. 
3  2  I  1  0.5  0.1  0.05  0.01  0.005  0.001  0.0003  ~  r 1  per  cent.  percent, percent, percent, percent,  per cent.  per cent.  per cent.  per cent.  per cent.  ~.ont  o. 
Human blood. 
1,817  1,537 1,509 1,598 1,648 I 1,89212,147t3,02712,56811,785 
2,047  5,538 5,018 5,537 5,536  5,023  4,321  4,572  4,012  1,825 
Rabbit blood. 
3,01811,016  1,546 1,512  1,478 1,443 I 1,97612,3141  2,21512,41512,648 
4,001  1,192 2,032  1,472 2,351 2,511  1,897  1,998  2,322  2,451  2,771 
Heroine  and  heroine  compounds were  neutral  as  regards  chem- 
otaxis.  Codeine and codeine compounds were neutral in most con- 
centrations, but in concentrations over 1 per cent there was a  slight 
negative  Chemotaxis. 
Caffeine sulfate was negatively chemotactic for all blood in all con- 
centrations.  Quinine sulfate, strychnine sulfate, and brucine sulfate 
were all negatively chemotactic for all blood in  all  concentrations. 
Miscellaneous  Substances. 
Papayotin,  or  papain,  was  markedly negatively chemotactic for 
human blood in all concentrations.  In fact, only 5 to l00 leucocytes 
adhered to the  agar  containing  concentrations  of  papayotin  over 
0.05 per cent.  With rabbit blood there was a  remarkable difference, 
a positive chemotaxis being observed with all concentrations over 0.05 
per  cent.  This  decided chemotaxis for  rabbit  blood is  mentioned 
by Gabritchevsky.  Dog blood came  midway  between  rabbit  and 
human blood, while the blood of frogs varied with the temperature of 
the body; thus the winter frog blood was negatively chemotacfic, the 
summer frog blood was positively chemotactic. 392  EXPERIMENTAL  STUDIES ON  INFLAMMATION.  I 
Papayotin. 
4  i  2  I  1  t  °'s  t  °'~  l  °'°3  ]  °'°1  °'°°s  I Control.  per cent.  per cent.  per cent.  per cent.  per cent.  per cent.  per cent.  per  cent. 
Human blood. 
16  34  74  52  87  128  1,184  2,752 
Rabbit blood. 
6,988  6,793 6,990  5,938  4,521  3,710  3,109  2,846  4,017 
Urea,  urethane,  and  creatinine  were  all  negatively  chemotactic 
for the blood of all animals, in molecular concentrations above 0.5 
per cent; below this  concentration theywere neutral. 
Ethyl  alcohol  was  negatively  chemotactic in  all  concentrations 
over 2 per cent, no matter whether the paraffin or agar method was 
used.  In concentrations under 2 per cent, alcohol was neutral. 
Cantharidin, or cantharidinum (u.s.P.), was positively chemotactic. 
Cantharidin was obtained from  Chinese  cantharides and  the puri- 
fied cantharidin was dissolved in 70 per cent alcohol and an emulsion 
made with agar.  This  emulsion was cooled rapidly over ice, then 
the windows were cut as in previous cases.  The blood of different 
animals varied markedly towards  cantharides.  This was strikingly 
shown for rabbit  blood.  The  rabbit  seems  to  have  a  congenital 
tolerance for cantharidin, and rabbit leucocytes were little influenced 
by  cantharidin,  which  was  decidedly  positively  chemotactic  for 
leucocytes from other species. 
Cantharidin. 
0.5  percent, percent.  0.05  per cent.  per cent.  percent, percent, percent, percent,  percent.  Control. 
Human blood. 
5,987  13,863  [  3,993  I 7,94615,12412'1361  1,872  I 2,044  I  2,115  I  2,109 
1,928  6,937  4,837  8,123  5,923  1,927  1,764  2,942  2,012  2,213 
Rabbit blood. 
6,001  14,33614,11812,11912,13912,003  ] 1,947 I  3,024  I  3,642  I  3,798 
1,125  2,453  1,362  2,774  3,632  3,587  1,176  3,531  3,346  3,631 ELIZABETH PAULINE WOLF  393 
It will be noticed that when the concentration of cantharidin was 
over 0.25 per cent, fewer ceils migrated into the agar combined with 
cantharidin than into the plain agar with a margin of agar plus can- 
tharidin.  It  is  possible  that  strong  concentrations  of  markedly 
chemotactic  substances  have  a  repelling  action.  This  is  shown 
more markedly in the case of rabbit blood, for here there seems to 
be a  repelling action in all concentrations over 0.05  per cent in the 
cells with a cantharidin-containing floor. 
Aspirin  (acetyl-salicylic  acid),  acetanilide,  and  chloral  hydrate 
were all negatively chemotactic in  all  concentrations for all blood. 
The reduction in the number of cells adhering varied from 20  to  60 
per cent below the normal.  Fewer cells adhered in concentrations 
over 0.5 per cent than below.  At 4 per cent concentration, with all 
of these reagents,  only about 40  per cent of the control number of 
leucocytes adhered. 
Chloretone  (Parke,  Davis  and  Company)  was slightly positively 
chemotactic in  practically all  concentrations,  the increase varying 
from about 5 to 20 per cent over the control. 
Glucose  was  neutral  in  all  concentrations  under  20  per  cent; 
above that there was a  very slight negative chemotaxis. 
Mustard  gas  (dichloroethyl  sulfide)  was  practically  neutral 
in  all concentrations.  An emulsion was made of the  sulfide in oil 
with agar  and  then cooled rapidly over ice.  When the sulfide  in 
oil was  added to paraffin,  more of the gas volatilized  because the 
oil had to be added at a much higher temperature, due to the higher 
melting point of the paraffin than of the agar.  With paraffin, also, 
the floor consisted of the plain glass so that the effects of the reagent 
could be seen only along the sides of the window thus made. 
Parazol,  or  crude  dinitrodichlorobenzene,  s  was  somewhat  posi- 
tively chemotactic in concentrations under 1 per cent; over that it 
was  negatively chemotactic. 
Olive oil was neutral in all concentrations. 
Scarlet  R,  purified,  was  slightly  positively  chemotactic in  con- 
centrations of 0.5  to 2 per cent, below that it was neutral. 
s Concerning the toxicity and properties of parazol  see Wells, H. G., J. Ind. 
Hyg., 1920, ii, 247; Voegtlin, C., Livingston, A.  E.,  and  Hooper, C. W., Bull. 
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Turpentine was  slightly positively chemotactic in  concentrations 
over 0.1  per cent; there was an increase of 50 per cent over the con- 
trol at 0.5  per cent concentration. 
Veronal was slightly negatively chemotactic in all  concentrations 
over 0.5  per cent; below that it was about neutral. 
Yeast  vitamine  (Harris)  was  slightly  positively  chemotactic in 
concentrations over 0.1  per cent.  This may be due to the fact that 
many amino-acids and  extractives are  contained in  this  substance, 
and as they are positively chemotacfic, anything in which they are 
found  will  show  a  certain  degree  of positive  chemotaxis. 
Ether was  slightly positively  chemotactic in  concentrations over 
0.1 per cent, when there was  an increase of about 50  per cent over 
the control in the number of cells  adhering. 
DISCUSSION. 
This  new  method  of  Wright's  has been  found  very satisfactory 
for the determination of  chemotaxis in  vitro.  It  has been modified 
somewhat;  i.e.,  there  is  no  need  for  calibrated.capillary  pipettes, 
as ordinary capillary pipettes may be used and 1 or 2 drops from the 
sadie pipette will give the same amount of blood.  Cooling will cause 
changes in the reaction, so that it is necessary to keep the blood at 
37°C. at all times.  The hydrogen ion concentration is an important 
factor  and  this  has  been  considered  carefully. 
This method is definitely quantitative.  All steps may be carefully 
controlled,  so  that  factors  of  error may be  practically eliminated. 
Substances may be used with this method that have heretofore never 
been studied as regards their chemotactic powers;  among these  are 
cantharidin,  histamine,  mustard  gas,  parazol,  and  tyramine.  The 
results obtained by this method with substances frequently studied, 
agree  in  practically  all  particulars  with  those  obtained  by  other 
workers  with  different  methods.  It  may  also  be  employed  as  a 
method of  determining the  action of unknown drugs in producing 
the  migration  of  leucocytes at  the  site  of  injection.  The  results 
obtained  with  sodium phosphate  compounds,  showing  them  to  be 
strongly  positively  chemotactic  and  increasing  the  chemotaxis  of 
the bIood of those taking them either by mouth or intravenously, are ELIZABETH  PAULINE  WOLF  395 
of interest in relation to recent work on the use of these salts in the 
treatment of many infections. 
It has been found that the blood of different species of animals 
may  react  differently  towards  different  drugs;  thus,  rabbit  blood 
shows much less positive chemotaxis for cantharidin than human or 
dog blood.  On the other hand, rabbit blood was much more markedly 
positively  chemotactic for  papayotin  than  human  or  dog  blood. 
With histamine, human and dog blood showed more cells migrating 
into the agar than did rabbit blood.  There seems to be no apparent 
underlying reason for this difference in action of the blood of different 
animals. 
CONCLUSIONS. 
1.  Wright's  method for  the  study of  chemotaxls  of  leucocytes 
in vitro,  slightly modified, has been found to be most satisfactory in 
the  estimation  of the degree of chemotaxis of various  substances, 
because it is possible to make an exact quantitative determination of 
the leucocytes that have migrated from the blood clot and adhere to 
the surfaces  containing the  tested  substance. 
2.  The calcium ion is the only inorganic ion per se which is found 
to be  positively  chemotactic under the  conditions of  these experi- 
ments.  It  is  markedly  chemotactic  in  all  concentrations  and in 
all  combinations,  except  the  citrate.  Here  the  negative  chem- 
otaxis of the citrate ion neutralizes  the positive chemotaxis of  the 
calcium ion, and neutrality of chemotactic effect results. 
3.  The  sodium  and  magnesium ions  themselves  are  neutral. 
Magnesium and sodium salts are dependent upon the  negative ion 
with  which the magnesium or  sodium  is combined for  such posi- 
tive  or  negative  chemotaxis  as  is  exhibited.  All the phosphates 
of sodium, whether tri-,  di-, or monobasic salts,  are markedly posi- 
tively  chemotactic,  and when combined with other reagents which 
are themselves neutral  or  negatively chemotacfic, produce marked 
positive chemotaxis.  The blood of a  person who  has  taken  phos- 
phates either by mouth or intravenously shows a  great increase in 
chemotaxis with sodium phosphate, with calcium chloride, and even 
with  sodium  chloride which is ordinarily neutral. 
4.  All potassium salts are negatively chemotactic. 396  EXPERIMENTAL  STUDIES  ON  INFLAMMATION.  I 
5.  Many  substances  act  synergistically  as  regards  chemotaxis; 
e.g., when strontium and magnesium salts are mixed there is a marked 
increase  in  chemotaxis.  Sodium  phosphate  acts  synergistically 
with calcium chloride. 
6.  Mercury salts  fix  the leucocytes in  this method so that  their 
influence on chemotaxis cannot be  determined. 
7.  Morphine and morphine salts are positively chemotactic; this is 
contrary to  the results obtained by others with different methods. 
8.  Substances  which  produce  a  very  acute  inflammation, such 
as cantharidin, histamine, or turpentine, are found to be positively 
chemotactic by this method, but substances,  such  as  mustard gas, 
which produce a marked necrotizing effect are found to be negatively 
chemotactie, or neutral,  though physiologically they would appear 
to  be  positively  chemotactic. 
9.  All  amino-acids  and  amines  are  positively  chemotactic  to  a 
certain extent.  It seems that the longer the carbon chain, the greater 
the degree of chemotaxis, though this is not absolute.  Tyramine is 
one exception to this, for it causes a  peculiar clumping of the cells, 
so  that  it  is  impossible to  count  the number  adhering,  and  thus 
determine whether or not tyramine is positively chemotactic. 
10.  The time that the blood of animals is examined after eating 
makes a marked difference in the number of cells adhering, for shortly 
after  eating, within 30  minutes, very many more cells will adhere 
to  the agar  than at  a  later  time. 
11.  The  blood of different species  of  animals reacts  differently 
towards  different  reagents.  The  chemical  composition  of  these 
agents seems to have nothing to do with this difference in reaction 
as far as we could determine. 
12.  With frozen serial sections it has been found that the depth 
of penetration of the leucocytes into the agar is proportional to  the 
positive chemotaxis produced by the substance combined with the 
agar, as demonstrated by the number of leucocytes adherent to the 
wails of the test chambers. 